Gram and Fouts (1) demonstrated there was a marked species difference in lipid per oxidation activity in liver 9,000 x g supernatant fractions.
They observed the activity to be highest in the rat and lowest in the rabbit. Following these observations, we reported essentially the same species difference using liver microsomes (2 The proteolytic digestion of microsomes cleaves hydrophobic peptides from membrane bound enzymes. The removal of hydrophobic peptides from these enzymes in this manner affects the ability of these enzymes to bind to the membrane matrix. For example, cyto chrome b5 from trypsin-digested microsomes does not bind to microsomal membranes whereas the enzyme isolated from detergent-solubilized microsomes binds rapidly (5, 6).
The inability of NADPH-cytochrome c reductase purified from microsomes digested either with lipase or trypsin to bind to microsomal membranes and function as an electron carrier from NADPH to cytochrome P-450 has also been reported (7, 8) . From these observations, the chemical properties of the NADPH-cytochrome c reductase isolated from detergent solubilized microsomes are considered to be closer to the native enzyme than those of the enzyme isolated by lipase or trypsin digestion of microsomes.
To examine the possibility that species difference between rats and rabbits in regard to lipid peroxidation is caused by differences in the properties of NADPH-cytochrome c reductase, we purified NADPH-cytochrome c reductase from detergent-solubilized micro somes from phenobarbital-treated rabbits and observed whether or not this enzyme catalyzed lipid peroxidation.
MATERIALS AND METHODS
Male New Zealand white rabbits weighing 1.85 to 1.95 kg and male Wistar rats weighing 250 to 300 g were used throughout this study. In some experiments, rabbits were given 0.05 % sodium phenobarbital added to the drinking water for three days. The animals were fasted for 48 hr prior to sacrifice. Hepatic microsomes were prepared as described purified enzyme is nearly homogeneous. Only a trace amount of an impurity with a higher molecular weight is seen. The specific activity of this purified rabbit liver NADPH cytochrome c reductase is considerably lower than that reported for rat and pig liver NADPH-cytochrome c reductase (13-15). This difference suggests our NADPH-cytochrome c reductase preparation may contain a large amount of apo-NADPH-cytochrome c reductase.
The NADPH-cytochrome c reductase activity was measured by the method of Phillips and trichloroacetic acid. After centrifugation, 0.5 ml of the supernatant was transferred to an another tube containing 3 ml of 0.67% thiobarbituric acid which was 10 mM with respect to EDTA. The mixture was heated at 100' on a water bath for 10 min, and after cooling the optical density at 532 nm was determined (17). Since we had observed in a preliminary experiment that NADPH stimulated non-enzymic lipid peroxidation, a control which did not contain NADPH-cytochrome c reductase was also carried out. The values for NADPH cytochrome c reductase mediated lipid peroxidation activity reported in this paper were, therefore, obtained by subtracting the optical density at 532 nm of the control from the experimental incubation. A mmolar extinction coefficient of 156 mM-1 cm-1 for the malonaldehyde-thiobarbituric acid complex (18) was used for calculation of the lipid per oxidation activity.
Materials
Emulgen 913, a non-ionic detergent, was kindly provided by Kao-Atlas Co., Japan, and a-tocopherol was a gift from Eisai Co., Japan. NADPH and NADP were purchased from Boehringer Mannheim, FMN and 2'-AMP from Wako Pure Chemicals, Japan. All other chemical reagents were purchased from commercial sources and were used without further purification. Sepharose 4B and DEAE-Sephadex (A-50) were purchased from Pharmacia Fine Chemicals Co., and hydroxylapatite (Bio Gel HT) from Bio-Rad. Table 2 .
The addition of 0.5 mM NADP inhibited the reaction about 22%. Inhibition of lipid peroxidation by 2'-AMP is also shown in Table 2 . The inhibition by 0.5 mM 2'-AMP was about 24 %. a-Tocopherol is a widely known antioxidant and inhibits lipid peroxidation (21) . The effect of a-tocopherol on lipid peroxidation in our present study is shown in Table 3 . The addition of a-tocopherol resulted in inhibition of both the enzymic and non-enzymic lipid peroxidation. NADPH-cytochrome c reductase is considered to be a protein which contains essential sulfhydryl groups since the activity of this enzyme is inhibited by organic mercurials (16, 19, 22) . The effect of p-chloromercuribenzoate (PCMB), a sulfhydryl reagent, on the lipid peroxidation by this enzyme was examined (Table 4) , and we found that addition of PCMB to the incubation mixture inhibited the enzymic lipid peroxidation.
DISCUSSION
We observed a high lipid peroxidation activity using purified rabbit NADPH-cytochrome c reductase.
In these experiments, we used lipids extracted from rat liver microsomes as a substrate. Our preliminary studies using crude lipids extracted from rabbit liver microsomes indicated that there is no considerable difference between lipids from rats and rabbits in their ability to support lipid peroxidation if the necessary components were present (data not shown).
The results suggest that the species difference in lipid peroxidation among rats and rabbits is not attributable to the difference in lipid constituents in liver microsomes.
Although not shown, in accordance to the results of Pederson et al. (4), the addition of NaC1 to the incubation mixture increased lipid peroxidation. However, the addition of ADP, which was reported by these workers to be an essential factor for the activity (4, 23), to the incubation mixture consisting of all components described in MATERIALS AND METHODS exhibited only a slight increase of the activity.
a-Tocopherol inhibited both the enzymic and non-enzymic lipid peroxidation (Table   3 ). In this experiment, a-tocopherol was dissolved in chloroform which contained extracted lipids since the addition of a-tocopherol suspended in distilled water by means of sonication to the incubation mixture resulted in no inhibition of the activity. These results suggest that a-tocopherol suspended in distilled water cannot bind to lipids, and that binding of a-tocopherol to lipids is necessary for its action in inhibiting lipid peroxidation. In contrast to the results obtained with a-tocopherol, PCMB was without effect on the non-enzymic lipid peroxidation. That the enzymic lipid peroxidation was inhibited by PCMB suggests that enzymically active NADPH-cytochrome c reductase is essential for activity.
As described above, we obtained a high activity of lipid peroxidation using purified rabbit liver NADPH-cytochrome c reductase which was comparable to the activity of purified rat liver NADPH-cytochrome c reductase (24) . The activity of lipid peroxidation in the reconstituted system was approx. 100 to 150 times higher than that seen using micro somes containing the same amount of NADPH-cytochrome c reductase (not shown).
Although not shown it was necessary to add both EDTA and ferrous ion in order to recon stitute lipid peroxidation activity. Our recent studies (25) 
